Objectives: The aim of this prospective registry-based population study was to investigate the efficacy of extralevator abdominoperineal excision (ELAPE) regarding local recurrence rates within 3 years after surgery. Background: Local recurrence of rectal cancer is more common after abdominoperineal excision (APE) than after anterior resection. Extralevator abdominoperineal excision was introduced to address this problem. No largescale studies with long-term oncological outcomes have been published. Methods: All Swedish patients operated on with an APE and registered in the Swedish ColoRectal Cancer Registry 2007 to 2009 were included (n ¼ 1397) and analyzed with emphasis on the perineal part of the operation. Local recurrence at 3 years was collected from the registry. Results: The local recurrence rates at 3 years [median follow-up, 3.43 years (APE, 3.37 years; ELAPE, 3.41 years; not stated: 3.43 years)] were significantly higher for ELAPE compared with APE (relative risk, 4.91). Perioperative perforation was also associated with an increased risk of local recurrence (relative risk, 3.62). There was no difference in 3-year overall survival between APE and ELAPE. In the subgroup of patients with very low tumors ( 4 cm from the anal verge), no significant difference in the local recurrence rate could be observed. Conclusions: Extralevator abdominoperineal excision results in a significantly increased 3-year local recurrence rate as compared with standard APE. Intraoperative perforation seems to be an important risk factor for local recurrence. In addition to significantly increased 3-year local recurrence rates, the significantly increased incidence of wound complications leads to the conclusion that ELAPE should only be considered in selected patients at risk of intraoperative perforation.
D
istal rectal cancer is operated on with an abdominoperineal excision (APE) when an anterior resection with an anastomosis cannot be performed. 1, 2 Local recurrence rates are higher after APE than after anterior resection as reported in several studies. [3] [4] [5] [6] [7] [8] [9] Holm and colleagues [10] [11] [12] proposed a more extensive procedure, the extralevator abdominoperineal excision (ELAPE), to improve local tumor control and with the aim to reduce local recurrence. [12] [13] [14] Extralevator abdominoperineal excision results in a cylindrical specimen without a ''waist,'' common after standard APE, to minimize the risk of inadvertent tumor involvement of the circumferential resection margin (CRM) and to reduce the risk of intraoperative tumor perforation. The results of ELAPE have been analyzed in 3 systematic reviews [15] [16] [17] with different conclusions regarding the oncological safety and superiority of ELAPE. Recently, Klein and colleagues 18 presented short-term data on the basis of the Danish registry, including patients operated on between 2009 and 2012, and did not find any oncological advantage with ELAPE. In a large multicenter study, Ortiz and colleagues 19 found no advantages of ELAPE compared with standard APE regarding mortality, local recurrence, intraoperative tumor perforation, or CRM involvement. We have previously reported short-term oncological outcomes from a Swedish national cohort of patients undergoing APE or ELAPE in 2007 to 2009. We found in a subgroup analysis that ELAPE resulted in fewer intraoperative perforations than standard APE for the most distal tumors but no differences in CRM involvement or intraoperative perforations for the entire group. 20 Furthermore, ELAPE seemed to generate more wound-related complications especially increased incidence of wound infections than standard APE. 21, 22 The primary objective of this study was to compare long-term oncological outcomes after ELAPE and standard APE.
METHODS
A detailed description of the study has previously been published. 21 
Data From the Swedish ColoRectal Cancer Registry
The Swedish ColoRectal Cancer Registry 23 was used to retrieve perioperative data on patients operated on between 2007 and 2009 such as cTNM classification, level of tumor from the anal verge, patient demographics, American Society of Anesthesiologists (ASA) classification, preoperative adjuvant treatment, operative technique, perioperative complications, and perforation of the specimen. Postoperative data such as pTNM classification, CRM, distal margin, lymph node harvest, and involvement were included, as were postoperative complications. Postoperative data such as adjuvant treatment, local recurrence, and survival until 3 years postoperatively were also collected from the Swedish ColoRectal Cancer Registry and from the Swedish Population Register.
Data From Operative Notes
Description of the perineal dissection was not included in the registry at this time. Therefore, operative notes for each patient were collected from the hospital where the patient was operated on. A From the clinical record form was developed and used to extract the specific details of the perineal part of the procedure. 21 All retrieved operative notes were read and analyzed using the clinical record form. The operating notes were reviewed by one of the authors (MP). The operation was considered an extralevator APE if the operation was described in the operating chart as a ''Holm procedure,'' if it was described as a cylindrical specimen, or if it was stated that the levator muscle was dissected laterally or with a distance from the rectum. In the case of uncertainty as to how the dissection was done, operative notes were reviewed by 2 other authors (EH and EA) separately. The operation type was classified as ''not stated'' if no consensus was reached or if all agree that it was impossible to classify the procedure.
Using this information, the patients were classified as belonging to one of the following 3 groups: ''APE''-operated on with a traditional APE; ''ELAPE''-operated on with an extralevator APE; ''not stated''-where the classification of type of perineal dissection from the operating notes was not possible.
Patient Questionnaires
All patients who were alive 3 years after the index surgery were asked to answer an extensive questionnaire. The questionnaire includes functional aspects and quality of life experiences and has been validated in a pilot study. 24 Results will be presented separately.
Statistics
All data were collected in a database and statistical analysis was performed using SAS v. 9 (SAS Institute, Cary, NC) and R v. 3.1.0. Patient characteristics were summarized descriptively. Continuous outcome variables were compared between the 3 groups using analysis of variance, and categorical data were compared between the 3 groups using the Kruskal-Wallis test. Because of multiplicity, statistical significance should be interpreted with caution and should mainly serve as highlighting noteworthy differences.
To assess the primary objective exploring differences between APE and ELAPE with regard to local recurrence within 3 years, odds ratios were estimated by logistic regression. Relative risk was estimated by Poisson regression with robust error variances because of failure of convergence of the log-binomial model. The results are presented with corresponding 95% confidence intervals.
When quantifying the group-specific risk of local recurrence, identifying and adjusting for possible influential variables is needed. The pool of variables was clinical and pathology T-and N-stage, CRM, sex, ASA, bleeding (mean centered), operating time (mean centered), perioperative perforation, and preoperative radiotherapy. Variables not included were participation in preoperative multidisciplinary therapy conference, as participation in multidisciplinary therapy conference was at such high levels in all 3 groups that further distinction of the influence of this variable was impossible, and tumor level from the anal verge. Tumor level was not included as data suggested that this factor was part of the rationale for choice of ELAPE versus APE. For each variable considered potentially clinically relevant and represented in both surgical techniques, a regression model including operating technique was fit. Variables with a P value of less than 0.2 for a Wald test of the true regression coefficient being zero were included in a multivariate regression model. The relative risk was estimated by Poisson regression using the same variables as in the logistic regression.
In a previous subgroup analysis of tumors 4 cm or less, we found a higher rate of perforations in the APE group compared with the ELAPE group. 20 This subgroup was analyzed here with regard to local recurrence by estimation in a multivariate model, with the same explanatory variables as in the model for the main group. The outcome of this analysis should be regarded as an interesting finding rather than as conclusive evidence.
RESULTS
A total of 1397 patients were collected from the registry. In the flow chart ( Fig. 1) , exclusions are described, leaving 1319 patients for the analysis. For the group excluded because of the lack of surgical notes (4%), clinical and demographic data from the registry did not differ compared with the patients included in the study.
Patient characteristics are found in Table 1 . There were more T0 to T2 tumors in the ''not stated'' group, but T-stage was similar between APE and ELAPE groups. M-stage differed between groups with more patients with distant metastases in the APE group 17% versus ELAPE 9% and ''not stated'' 10%. Regarding tumor level from the anal verge, the groups differed with a larger proportion of tumors ( 4 cm) from the anal verge in the ELAPE group compared with the other 2 groups. Preoperative radiotherapy and radiochemotherapy were part of treatment for the majority of patients regardless of the operative technique. However, more patients in the ELAPE group (88%) received radiotherapy compared with APE (69%) and ''not stated'' (80%). To identify possible influential variables, bivariate regression models were fit with each of the prespecified variables as covariates ( Table 2 ).
All variables but clinical N-stage, ASA-classification, and Operating Time were included in a multivariate logistic regression. Variables such as pathology T-stage, preoperative radiotherapy, CRM, and sex were subsequently removed because of having P values more than 0.20. pT-stage and cT-stage were highly correlated, and pT-stage was thus removed as cT-stage made a larger reduction in the Akaike information criterion compared with pTstage. The most pronounced interactive effect was between bleeding and pT-stage (P ¼ 0.169) but this was not included in the model because it gave no reduction in the Akaike information criterion. There was no serious multicollinearity between the variables in the final model. The results for the multivariate model are presented in FIGURE 1. Flow chart of study population. 
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<0.0001
Tumor level from anal verge, 0-4.9 cm-n (%)
58 (28) 386 (75) 353 (61) 797 (61)
Tumor level from anal verge,
151 (72) 128 (25) 226 ( 
Preoperative radiotherapy-n (%)
144 (69) 456 (88) 472 (80) 1072 (81)
Preoperative radiochemotherapy-n (%)
32 (15) 159 (31) 88 (15) 279 (21) <0.0001
Type of radiotherapy, shortjj/longô/other-n (%) BMI indicates body mass index; CI, confidence interval. Table 3 and the relative risk in Table 4 . Results for the subgroup analysis are presented in Tables 5 and 6 . No difference was found in 3-year overall survival between groups (Fig. 2) . Three-year local recurrence rates were higher for ELAPE than for APE, with a relative risk of 4.91 [median followup, 3.43 years (APE, 3.37 years; ELAPE, 3.41 years; not stated, 3.43 years)]. The relative risk of local recurrence for perioperative perforation was 3.62. In the subgroup of patients with tumors 4 cm or less, the corresponding figure was 3.05 and 5.96, respectively.
DISCUSSION
In this study of a large national cohort of patients operated on with APE, we found no reduction in 3-year local recurrence for ELAPE compared with standard APE. There was no difference in 3-year overall survival. However, risk factors for local recurrence were more advanced tumors (T4-and N2-stages) and intraoperative perforation.
The major strength of our study is that it is a population-based and relatively large and national cohort. The cohort comprises 94% of all Swedish patients operated on with any kind of APE in the years 2007 to 2009. Selection bias should therefore not be a problem. This is a strength compared with other reports presenting data from selected case series 11 or by selection of including centers. 19 The Swedish ColoRectal Cancer Registry is a well-established registry, with high coverage and regular updating, which has undergone validations. 23, 25, 26 The cohort is prospectively registered, and the time frame of the inclusion is recent and relevant. There were no comparisons to historical data, but rather between contemporary practices within the same health care system. Furthermore, the missing data are low for the variables collected from the registry. We were able to collect operative notes for a high proportion of included patients. We have a model for analysis, which can be used for a reevaluation for a cohort from the time point when the Swedish ColoRectal Cancer Registry included data on perineal dissections techniques.
Previous reports on ELAPE have been varying; West et al 10, 11 described lower perforation rates and fewer cases with involved CRM using ELAPE in a comparison with historical controls with high rates of both perforations and involved margins. 27 reported reduced recurrence rates after ELAPE, suggesting that there is an oncological advantage with ELAPE in comparison with traditional APE in patients with T3 and T4 tumors. However, their study was small (n ¼ 67) and lacked details of external and internal validity. Because of these methodological weaknesses, their findings may be regarded as interesting but not conclusive.
There are limitations in our study. Although the national coverage of the registry is more than 97%, there are still missing data. However, for most variables reported, the rate of missing data is low and ranges from 0% to 3%. A 3-year follow-up has the advantage of a more rapid presentation of results, but the limitation is a relatively low event rate and a lack of 5-year long-term data. There seems to have been a selection bias in favor of ELAPE for patients with the most distal tumors, indicating that there may have been a perception among Swedish colorectal surgeons that there was an advantage of ELAPE for patients with distal tumors. This might affect the possibility to compare the 2 techniques in our study. Another limitation is that the national registry did not include data on the perineal dissection technique at that time. The large proportion of operative notes that could not be classified as APE or ELAPE (the ''not stated'' group) limits the possibility to draw accurate and definitive conclusions. In this publication, we have chosen to present all groups, and our interpretation of the results is that this group included cases performed as APE and cases performed as ELAPE (ie, a mixed group). There is no indication that the lack of detail regarding the description of the perineal dissection performed is an indication of ''poor surgery.'' Interestingly, although intraoperative perforation appears as a major risk factor for local recurrence and we found a lower incidence of intraoperative perforations for the more distal tumors ( 4 cm from the anal verge) 20 using the ELAPE technique compared with APE, there was still an higher rate of local recurrence in the ELAPE group.
CONCLUSIONS
We believe, on the basis of the results from this study and supported by the results from Ortiz et al, that ELAPE should not be suggested as a standard operative technique for all low rectal cancers. On the basis of our results, we suggest that ELAPE should be used with discretion, primarily for cases with high risk of intraoperative perforation-which in our study seems as a major risk factor for local recurrence.
Analyses of patient-reported functional outcomes and quality of life 3 years after surgery in the same cohort will shed further light on the effects of the 2 different techniques. FIGURE 2. Kaplan-Meier plots of overall survival for the 3 groups (APE, ELAPE, and ''not stated'' groups).
